introduction
Cancer prevalence is defined as the number or proportion of individuals in a population living with cancer at a given point in time. Thus, it helps us to quantify the demand for health care services. Cancer prevalence is important for planning the provision of health and oncological services after the first-line treatment. It gives information on the need for treatment of subsequent disabilities, psychosocial care, continuing medical consultations, clinical follow-ups for recurrences and second cancers and for long-term counseling. Prevalence is not routinely provided by population-based cancer registries (CRs), since observed data allow to estimate only the number of most recently diagnosed prevalent cases, whose completeness depends on the length of the registration activity. Complete prevalence can be estimated on the basis of its mathematical relationship with incidence and survival [1] [2] [3] [4] [5] [6] [7] .
In 2002, the EUROPREVAL project gave prevalence estimates [8] for Europe at the end of 1992. No updates were subsequently provided and no comprehensive evaluation is still possible of the impact on the prevalence of several important changes in cancer care occurred after the early 1990s in European countries: the diffusion of cervical and breast screenings, the spread of prostate cancer early diagnosis, the introduction into clinical practice of biologically targeted therapies, the development and application of national or regional cancer plans, including primary prevention measures. The aim of this paper is to present prevalence estimates for the common cancers in Europe. Since prevalent cancer cases are a highly heterogeneous group in terms of quality and life expectancy, both complete and limited-duration prevalence estimates will be provided.
materials and methods
We estimated complete prevalence by the completeness index method [9] . This approach is based on an estimate of limited-duration prevalence obtained from observed CR data, to which an appropriate coefficient (the completeness index) is applied to calculate the complete prevalence, i.e. the prevalence irrespective of the time elapsed since the cancer diagnosis. The set of applied completeness indices was modeled from CR incidence and survival data, and derives from the Surveillance of rare cancers in Europe (RARECARE) project [10] , a study aimed to provide a list of rare cancers as well as incidence, prevalence and survival indicators for rare cancers in Europe. The RARECARE project estimated the completeness indices for 259 cancer entities (rare and common and defined by topography and morphology) on the basis of a subset of the CR participating to EUROCARE-4 (see appendix). In this paper, we applied the corresponding completeness indices to the observed prevalence of a group of RARECARE cancer entities. Subsequently we aggregated those entities by anatomical site in order to obtain the complete prevalence of 16 major cancers at the index date of 1 January 2003. Due to the particular definition of RARECARE entities, only epithelial cancers were included, the great majority of cancers diagnosed in the considered sites.
cancer patients and cancer definition
We used information on cancer patients diagnosed in 1978-2002 and with vital status information available up to 31 December 2003, from 76 CRs participating in the RARECARE project [10] . The data were checked for errors, inconsistencies or unusual combinations of site, morphology, sex and age at diagnosis [11] according to the standard EUROCARE procedures. Only a negligible proportion (0.14%) of cases had major errors and were excluded [11] .
We considered 16 cancers (Table 1 ) defined according to the ICDO-3 topography and morphology classifications [10] . We selected for each site only epithelial cancers (Table 1 , last column). A more restrictive definition was used for skin, where only melanomas were included. Only the first primary of each cancer was considered so that we estimated the prevalence of persons with cancer and not the prevalence of cancers. Table 1 presents, for each cancer, the number of epithelial incident cases included in the analysis and their percentage on the total incident cases of the same site. Epithelial cancers (Table 1 , 4th column) were the great majority of diagnoses for each site, from a minimum of 92% for corpus uteri to 99.9% for prostate. Skin melanoma accounts for ∼20% of all skin cancers collected by the participating CR. Table 1 reports also some of the basic data quality indicators. The proportion of cases based on death certificate only (DCO) per each cancer ranged from 0.7% (skin melanoma) to 8.7% ( pancreas). The proportion of cases microscopically verified varied between 47.5% ( pancreas) and 97.3% (skin melanoma).
the observed and complete prevalence
The counting method [12] was applied to 22 CRs representing 12 European countries, which covered the period [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] , to obtain the observed prevalence of cases by duration (within 2, 5, 15 years) at the reference date (1 January 2003) . The 22 CRs were: Amsterdam (The Netherlands), Austria, Cracow (Poland), East Anglia, Northern and Yorkshire, Oxford, Wales and West Midlands (UK), Firenze, Modena, Parma, Ragusa, Romagna (Italy), Geneva, St. Gallen (Switzerland), Iceland, Norway, Saarland (Germany), Scotland, Slovakia, Slovenia and Sweden. No French and Spanish registries could be included because none of them could provide incidence data updated till the beginning of 2003. Overall, 4 302 067 cancer cases were used to produce the observed prevalence. Cases lost to follow-up before the end of the year 2000 were also included in the count, estimating their survival probability up to the reference date from the life tables of patients successfully followed-up, and matched by age class, sex and study period. SEER*STAT software was used for the calculation.
Complete cancer prevalence is the number (or proportion) of people in a given population, at a given point in time, alive after a diagnosis of cancer made previously. Complete prevalence can be written as:
where N O is the prevalence at the reference date of incident cases observed during the registration time, and N U is the number of cases who were diagnosed before the start of the registration and are expected to be alive at the same reference date, the so-called 'unobserved' prevalence. Complete prevalence can be estimated, after modeling incidence and survival data, as follows:
where I(t) is the cancer incidence at age t, S(t, x−t) is the relative survival at age x for a person who has received a cancer diagnosis at age t and L is the length of the registration period. The ratio between the observed and the complete prevalence for a specific cancer, age class x and duration of registration activity L, is the completeness index [9] , i.e. a corrective factor which leads from the L-year observed prevalence to the complete prevalence:
Thus, the complete prevalence can be obtained adjusting the L-year observed prevalence by the completeness index R(x;L) according to the previous relation:
In this work, the completeness index was obtained by modeling incidence rates (only primary cancers) in the period [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] We tested two alternative models for incidence data (the polynomial and the exponential model), while survival data were modeled by using the 'cure-model'.
Survival and incidence data were calculated by using the SEER*Stat software and the parameters of the models were estimated with the SAS software. More details on the whole estimation process can be found in previous publications [8, 12] . The vector of estimated incidence and survival model parameters as well as the corresponding elements of the estimated covariance matrix provided the information needed by the COMPREV software [13] for the estimation of the completeness index.
The completeness index was then used as a corrective factor which leads from the 15-year observed prevalence to the complete prevalence at the index date of 1 January 2003.
The expected number of prevalent cases in Europe at 2010 was estimated projecting by age class the complete prevalence proportions to the EU27 population provided by EUROSTAT [14] at 2010 (501.1 million).
results
Observed prevalence by duration and complete prevalence by cancer entity in EU27 are presented in Table 2 . The proportion of prevalent cases having a diagnosis of cancer within 2 years from the reference date, over all the prevalent cases, varied greatly: from 14% (skin melanoma) to 59% ( pancreas). The proportion of patients still alive >15 years since the diagnosis -8001, 8004, 8010-8011, 8020-8022, 8032, 8035, 8050-8076, 8078, 8082-8084, 8123-8124, 8140-8145, 8147, 8160-8162, 8170-8175, 8180, 8190, 8200-8201, 8210-8211, 8214-8215, 8220-8221, 8230-8231, 8255, 8260-8263, 8290, 8310, 8315, 8320, 8323, 8333, 8380-8384, 8401, 8430, 8440-8441, 8450, 8452-8453, 8470, 8480-8482, 8490, 8500, 8503-8504, 8510, 8512, 8514, 8525, 8542, 8550-8551, 8560, 8562, 8571-8576, 8980 C34 8000-8001, 8004, 8010-8014, 8020-8022, 8031-8032, 8034, 8041-8046, 8050-8084, 8123, 8140-8141, 8143, 8144, 8147, 8190, 8200-8201, 8210-8211, 8221, 8230, 8231, 8240-8246, 8249-8254 8255, 8260-8263, 8290, 8310, 8315, 8320, 8323, 8333, 8380-8384, 8430, 8440-8441, 8460, 8470, 8480-8482, 8490, 8504, 8510, 8512, 8514, 8525, 8542, 8550-8551, 8560, 8562-8576, 8980 [8010] [8011] 8022, 8070, [8140] [8141] 8143, 8147, 8190, [8200] [8201] [8210] [8211] 8221, [8230] [8231] 8255, [8260] [8261] [8262] [8263] 8290, 8310, [8314] [8315] 8320, 8323, 8333, [8380] [8381] [8382] [8383] [8384] 8401, 8430, [8480] [8481] [8482] 8490, [8500] [8501] [8502] [8503] [8504] 8508, 8510, [8512] [8513] [8514] [8520] [8521] [8522] [8523] [8524] [8525] 8530, [8540] [8541] 8543, [8550] [8551] 8560, 8562, [8570] [8571] [8572] [8573] [8574] [8575] [8576] 8982 Corpus uteri 92 039 84 479 91. 8 1.9 93.9 C54 8000, 8001, 8010, 8011, 8015, 8020-8022, 8032, 8050-8084, 8120, 8122, 8123, 8140-8141, 8143, 8144, 8147, 8190, 8200, 8201, 8210-8211, 8221, 8230, 8231, 8255, 8260-8263, 8290, 8310, 8313, 8315, 8320, 8323, 8333, 8380-8384, 8430, 8440-8463, 8470-8490, 8504, 8510, 8512, 8514, 8525, 8542, 8550-8551, 8560, 8562-8576, 9000, 9014-9015, 9110 -8001, 8010-8011, 8020, 8022, 8030-8035, 8050-8084, 8090, 8094, 8120, 8122, 8123, 8130-8131, 8140-8141, 8143, 8147, 8190, 8200, 8201, 8210-8211, 8221, 8230-8231, 8255-8263, 8290, 8310, 8312, 8315-8320, 8323, 8333, 8380-8384, 8401, 8430, 8440, 8480-8490, 8500, 8503-8504, 8510-8512, 8514, 8525, 8542, 8550-8551, 8560-8576, 8980 was the highest for women with cervix uteri (45%) and corpus uteri (31%) cancers, and for persons with skin melanoma (39%). Among all the considered cancers, most of the 15-year survivors had a diagnosis of epithelial cancers of breast and malignant skin melanoma, with slightly more than 850 000 and 380 000 prevalent cases in Europe, at 2003, respectively. The last column of Table 2 shows the projected prevalence in the year 2010 taking into account the demographic changes of the population and assuming constant prevalence proportions between 2003 and 2010. The comparison between the last two columns of Table 2 shows that we expect an 11% increase of the total number of prevalent cases, due to the demographic changes between the two time points. Table 3 shows complete prevalence at 1 January 2003 for the considered cancer entities by age class. Prevalence was maximum at ages 75+ for epithelial tumors of stomach (22), colorectal (172), pancreas (3), gallbladder and EBT (3), corpus uteri (107), bladder (72). For epithelial tumors of prostate, the highest prevalence proportions were 313 and 237 among 55-74 and 75-84 aged men, respectively. Among young adults (<45 years), the most frequent prevalent cancers were breast (61 per 100 000), cervix uteri (37 per 100 000) and melanoma (29 per 100 000). Among 45-64 aged people, breast cancer was the most common cancer with 531 per 100 000 women.
discussion
In this paper, we report the complete prevalence at 2003 in Europe for the most common cancers. All together they represent the majority (77%) of all malignant cancers [15] . Breast, prostate and colorectal cancers accounted for more than one half of the prevalence of all the cancers studied in this paper. By contrast, lung cancer accounted for 4% of the prevalence of all the cancer entities considered in this analysis, with an estimated incidence/prevalence ratio of 0.7 [10] . Other cancers with a poor prognosis revealed a low incidence/ prevalence ratio as well: pancreas (1.4), liver and IBT (1.1), and gallbladder and EBT (0.6). For cancers with a better prognosis (head and neck, colorectum, ovary, kidney, bladder and prostate), the prevalence was six to seven times higher than the corresponding incidence. For breast, corpus and cervix uteri, and skin melanoma, prevalent cases were even more than 10-fold than incidence cases [10] . It should be noted that, in skin melanoma and cervix uteri, also the young age at diagnosis contributed to increase the number of prevalent cases.
These results come as an extension to the most common cancer entities of prevalence analysis carried out for rare tumors in the framework of the RARECARE project. The completeness index for the estimation of complete prevalence of rare tumors was there derived, due to the small number of cases and to coding changes, without consideration of time trends in incidence models. The same limitation holds for the prevalence estimates presented in this paper. Validation analyses (manuscript in preparation) have shown that such approximation is likely to lead to a maximum 10% overestimation of complete prevalence for cancer entities with increasing incidence (of breast, skin melanoma or prostate) and to a similar underestimation for cancer entities with decreasing incidence (of cervix uteri, stomach or male lung) [16] .
In order to keep prevalence estimates as much as possible based on the observed data, we included in the analysis only 22 CRs with ≥15 years of activity up to the year 2003. They represent 12% of the total European population [11] . In the United States, the measures of prevalence utilized for planning health care services were based on SEER CRs, covering in 2009 28% of the US population [17] . However, all the European regions are represented: the North of Europe by the national and finally Eastern Europe from Slovakia (100% coverage) and Poland (2% coverage). The similarity of the incidence rates estimated from these 22 registries to those estimated by GLOBOCAN [10, 15] suggests that they were a fairly representative sample of the whole European population. Heterogeneity of cancer registration in Europe is not limited to the extension of coverage of the country population, but also regards the completeness of incidence collection, the completeness of follow-up, the accurateness of morphology information and so on. However, the European cancer registry network is active to improve the standardization of the collection and procedure of completeness and quality of cancer diagnoses. Furthermore, all the date used in this work underwent centralized data quality checks and validation [11] . In any case, some cautions are needed in interpreting the prevalence estimates provided in this paper as representative, in the statistical sense, of the European population.
Observed data collected by CRs were only updated till the end of the year 2002, and the complete and limited-duration prevalence proportions have to be referred to the index date of 1 January 2003. The estimated prevalence figures are here referred to Europe as a geographical entity. In order to provide useful figures applicable to a formally defined population, we also projected the same prevalence proportions to the population structure of the European Union with 27 member states at the date of 1 January 2010. The resulting number of expected prevalent cases accounts for the different population sizes between geographical Europe and EU27, and also for the known changes in population age structure between 2003 and 2010 but not, of course, of possible variations in incidence and survival rates.
We compared our estimates with those calculated by the EUROPREVAL project at the reference date of 1 January 1993 [8] . Prevalence figures for all the cancer sites, with the exception of stomach and lung, were higher in this study. Major differences were observed for breast and prostate cancer entities and skin melanoma. Breast cancer was still in the year 2003 the most common malignancy among European women. Its complete prevalence was 916 per 100 000 at 1993 and 1377 per 100 000 at 2003, due to the increase of both incidence (diffusion of screening) and survival (improvement of clinical management). In men, prevalence of prostate cancer was 244 per 100 000 in 1993 and 626 per 100 000 in 2003. This could be explained by the increasing diffusion of the PSA testing across the European countries. Complete prevalence for malignant melanoma of skin was 81 per 100 000 in 1993 and 203 per 100 000 in 2003 and we cannot distinguish to what extent the increase was due to early diagnosis campaign or to a real increase of the risk, since no major innovation in treatment has been introduced. Prevalence increased also for colorectal and anal cancers, from 250 in 1993 [8] to 370 in 2003. This higher level should be in large part attributed to the rising proportion of long-term survivors [18] . Major efforts in colorectal screening started in EU after 2003 [19] . It is therefore unlikely that screening could have had an impact on the prevalence before 2003. Prevalence decreased for stomach cancer: 85 per 100 000 in 1993 versus 49 per 100 000 in 2003). For lung cancer, we obtained a lower prevalence of 87 per 100 000 compared with 95 per 100 000 in 1993. Stomach and lung cancers incidence has been reducing due to major changes in the risk factors. Tobacco smoking, the major determinant of lung cancer [20] but also a risk factor for stomach cancer has greatly reduced in European men. Stomach cancer incidence rates have also decreased due to changing living conditions, such as food preservation and prevalence of Helicobacter pylori [21] .
We estimated about 11.6 millions of Europeans with a history of one of the major cancers considered in this study alive on 1 January 2003. Assuming both incidence and survival stable during the period 2003-2010, the demographic variations alone increased the prevalent cases to nearly 13 millions (Table 2) in 2010. For breast and prostate cancers, about 1 out of 73 women and 1 out of 160 men were living in 2010 with a previous diagnosis of breast and prostate cancers, respectively.
General mortality is falling, life expectancy is increasing and therefore the age distribution of the population is shifting toward the elderly. Because the incidence of all epithelial cancer entities rises steeply with age, the number of cancer cases will increase. Furthermore, during the past years major investment in early detection, sophisticated diagnostic tools and treatment contributed to the improved survival of cancer patients. All these factors contribute to increase the prevalence of cancer and push for the need of continuous monitoring of prevalence indicators to properly plan and allocate resources to cancer.
The European Cancer Health Indicator Project [22] and the ongoing European Partnership for Action Against Cancer [23] included prevalence within the priority list of Cancer Health indicators, as a relevant measure of cancer burden. However, prevalence figures are still not systematically asked to Member States for their dissemination within the EU official health statistics. We hope that in future there will be a wider availability of this measure which provides important information for improving health care programs for cancer survivors. 
